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Introduction
Antibiotics resistance is a growing global public health issue [1] . Between 2000 and 2010 global antibiotics consumption grew by more than 50% based on data from 71 countries, including China [2] . Excessive consumption of antibiotics mainly leads to the development of antibiotics resistance. China consumes the second largest amount of antibiotics in the world [3, 4] with a prescription rate twice that recommended by the World Health Organization (WHO) [5] and rural areas have higher rates than urban areas [6] . In this regard, the Chinese government has introduced a number of regulations in the last decade, but it has not played a significant role in rural areas [7] .
The majority of people in southwest China live in rural areas where primary care physicians usually provide the health services [8] . Most physicians there have non-degree training yet are allowed to prescribe antibiotics in the national list due to personnel shortages. Previous studies reported a high irrational antibiotics prescription use among primary care physicians [7, 9] . In addition, studies performed in Italy and Germany exploring the patterns of antibiotic prescriptions among primary care physicians found that the rate of inappropriate antibiotic use was high [10] [11] [12] . Strengthening the knowledge and practice of rational use of antibiotics among primary care physicians is one way to reduce antibiotic resistance. Thus, we need to understand how antibiotics are unnecessarily used, for example prescribed with incorrect choices for particular diseases, escalated (for example prescribing more expensive and broad spectrum antibiotics when cheaper and more specific antibiotics can give the same result) and used intravenously.
The aim of this study was to document the clinical patterns of antibiotics prescriptions in a rural primary care setting where physicians are mostly non-degree trained. The secondary objective was to determine the association between antibiotics use and various characteristics of patients and physicians.
Materials and methods
Ethical approval: This research was approved by the Institutional Review Board of Prince of Songkhla University, Thailand (REC: 60-285-18-5). Ethics committees approved the consent procedure. All participants provided their written informed consent to participate in this study.
Study setting
Out of 1,399 township public hospitals in Guizhou rural areas, 132 use the same health information system (HIS) developed by the Department of Public Health. Those that had more than three outpatient physicians were eligible for the study. Out of the 84 eligible hospitals, we randomly selected 31 to participate in the study.
Data retrieval process
Only data from outpatient units were retrieved. Demographic characteristics of the patients, and education and work experiences of the physicians, were obtained from the Personnel Management Department. All patients prescribed antibiotics during February to August, 2018 were included in the analysis. The primary diagnoses of all diseases except for tuberculosis (since the treatment options are fixed and standardized), were grouped into 10 diagnostic categories according to the international classification for diseases version 10 (ICD-10) code [13] . Antibiotics were classified, based on the 2018 National Catalogue of Clinical Application of Antibacterial Drugs, into seven groups: penicillins, cephalosporins, macrolides, quinolones, lincosamides, nitroimidazoles, and aminoglycosides [14] . We focused on systemic antimicrobials excluding topical antimicrobial prescriptions such as ophthalmic ointments and skin creams.
Categorization of appropriateness of antibiotic use
We used the National Health Commission of China for Guiding Principle of Clinical Use of Antibiotics introduced in 2015 (summarized in S1 File), and antibiotic use guidelines from the US Centers for Disease Control and Prevention (CDC) [15] . Appropriate antibiotic use in primary care settings was classified based on the diagnosis of probable bacterial infection. We categorised antibiotic use into appropriate use and inappropriate use. Inappropriate use was further categorised into four groups: 1) unnecessary use, e.g. prescribing antibiotics for viral infections, 2) incorrect spectrum of antibiotic, e.g. prescribing aminoglycoside for gram positive bacteria, 3) escalated use of extended spectrum antibiotics, e.g. prescribing cephalosporin instead of penicillin, and 4) combined use of antibiotics, defined as use of more than one antibiotic group per patient visit without any indications. In some cases, definitive bacterial culture penicillin (e.g. for acute pharyngitis/tonsillitis) is not available a presumptive narrow spectrum antibiotic, e.g. penicillin was considered as appropriate. Misuse of antibiotics was defined as unnecessary antibiotic use while overuse was defined as any other category of inappropriate antibiotic use.
Data analysis
The units of analysis were both antibiotic prescriptions and patient visits; one physician may prescribe one or more antibiotics to a patient on a given day, but a patient can only visit one doctor per day. Cross-tabulation between the groups of antibiotics and the disease categories by ICD-10 diagnosis code was used to determine the pattern and appropriateness of antibiotics use. Misuse of antibiotic prescriptions was aggregated by antibiotic group. Bivariate cross-tabulations were initially used to identify potential risk factors of inappropriate antibiotic use. In order to account for the correlation of antibiotic prescriptions by the same physician, Generalized Estimating Equations (GEE) were used to determine independent predictors of antibiotic misuse controlling for possible confounding effects by other variables. All p-values were twosided. R version 3.3.1 was used for all data management and analysis for the database (S1 Table) .
Results
A total of 96,509 antibiotic prescriptions among 57,009 patient visits were retrieved from the electronic database during the study period. The ten most common diagnoses among these patients accounted for over 77% of all prescriptions; therefore, we focused on only these ten diagnostic categories in the analysis. Table 1 shows a comparison of the number of antibiotics prescribed for various common diseases stratified by appropriateness of use. Diseases of the respiratory system accounted for about 70% of all antibiotic prescriptions followed by diseases of the digestive system (13.1%) and genitourinary system (5.6%). Inappropriate use of antibiotics was found in 91.8% of the 74,648 prescriptions. The highest rate of inappropriate use was seen for symptoms, signs and abnormal clinical and laboratory finding not elsewhere classified (100%), diseases of the eye and adnexa (99%), and diseases of the skin and subcutaneous tissue (97.4%). Escalated use of extended spectrum antibiotics was common for patients with acute appendicitis (40.8%) and pneumonia, organism unspecified (31.3%). Incorrect spectrum of antibiotic was used frequently among patients with cystitis (45.8%) and other disorders of the urinary system (44.1%) whereas unnecessary use was common to all diseases. The highest rate of appropriate use was found in diseases of pulp and periapical tissues (71.2%), acute pharyngitis (69.7%), and arthritis (67.6%). Table 2 summarizes appropriateness of antibiotic use by group. Over a half (51.5%) of the prescribed antibiotics were penicillins. However, 84.4% of penicillins unnecessarily prescribed. The percentage of cephalosporins and macrolides prescribed was about 14% each, of which about 84.7% were unnecessarily prescribed. Quinolones, which should be used mainly as second-line antibiotics, was found in around 6% of all prescriptions, of which 46.2% were incorrect spectrum of antibiotic. Lincosamides, nitroimidazoles, and aminoglycosides were not commonly seen, however almost all were prescribed inappropriately. Table 3 compares the distribution of appropriateness of antibiotics use by physicians' and patients' characteristics. In the second column, "combined use" refers to physicians prescribing more than one group of antibiotic for the same patient in the same visit. The percentage of appropriate antibiotics use was reduced from that shown in Table 1 because two or more antibiotics prescribed to the same patient on the same day was considered as one visit. The percentage of each prescription type was thus appropriate use (8.7%), combined use (7.8%), escalated use of extended spectrum (1.9%), incorrect spectrum (4.3%) and unnecessary use (77.3%).
The crude odds ratios indicate the strengths of the association between inappropriate use and physicians' and patients' characteristics. Male physicians were more likely to prescribe antibiotics inappropriately as were those aged 32-38 years (compared to those aged less than 32 years), those who had not completed a college degree, worked for 11-30 years (compared to those who had worked for less than 5 years), and were associate chief physicians (compared to resident physicians). Patients who were female, aged 18 years or more (compared to those aged �5 years), received antibiotics intravenously and received financial assistance from an insurance scheme were more likely to be prescribed antibiotics inappropriately. Table 4 shows factors associated with inappropriate antibiotic use on multivariate analysis. On the physician's side, being male, aged less than 32 years, having a lower level of education, and being an associate chief physician were associated with a higher likelihood of inappropriate antibiotic use. Increasing work duration did not equate to a higher odds of inappropriate antibiotic use. However, compared to newly employed physicians, those who had a work experience duration of more than 5 years were more likely to prescribe antibiotics inappropriately. Antibiotics prescribed intravenously were more likely to be inappropriate. On the patient's side, younger patients (age�17 years) were more likely to get appropriate prescription. Finally, patients who received financial assistance from an insurance scheme were more likely to be prescribed antibiotics inappropriately.
Discussion
This study showed five patterns of antibiotic use, namely: 1) appropriate use, 2) unnecessary use, 3) escalated use of extended spectrum antibiotics, 4) incorrect spectrum of antibiotics, and 
5) combined antibiotic use. More than 90% of antibiotic prescriptions were inappropriately prescribed. Respiratory infection was the most common disease linked with antibiotic prescriptions. While penicillins were the most commonly prescribed antibiotic, cephalosporins and macrolides were more inappropriately prescribed, particularly due to escalation and incorrect spectrum of antibiotic. These antibiotics could have been de-escalated to penicillins. The background education of these primary care physicians was generally below college level. A physician's low level of education and senior position were significantly associated with inappropriate antibiotic prescription. Antibiotic misuse was also associated with injection route as well as adult patients and those who had insurance. In general, uncomplicated respiratory infections are mostly caused by viruses, which cannot be treated with antibiotics [15] . Unnecessary use of antibiotics to treat such infections has been reported in many countries such as Italy (67%), Norway (11%), USA (42%), Qatari (45%), Canada (84%) and China (71%) [10, [16] [17] [18] [19] [20] . In our study, unnecessary antibiotic use accounted for 77% of the prescriptions. Misuse and overuse of antibiotics could increase the duration of the disease and associated costs and increase resistance to infections as well as increase the risk of adverse drug reactions [21] . Therefore, it is important to identify antibiotic patterns as they vary by different factors such as the medical education system of a country.
As much as 29% of antibiotics used in this study was administered by injection. Overuse of injections was also seen other countries such as Vietnam, India, and Korea [22] [23] [24] . This practice is rarely needed in primary care as most infections can be controlled with oral antibiotics [25] . Injection of drugs is complicated by serious adverse drug reaction and diseases complications such as local infections, bleeding, and nerve injury [24, 26] . There are many guidelines and punitive measures in China that guide physicians on how to use antibiotics, but there are no such guidelines as how physicians should talk to patients and families about whether antibiotics are needed or not, and discuss possible harms [21] .
Most of the antibiotic prescriptions in this study were made by resident physicians with a below college level of education, and this was associated with antibiotic overuse and misuse. 
Based on this evidence, refresher courses on antibiotic prescribing for primary care physicians are necessary [7, 9] . The training should emphasize avoidance of incorrect and unnecessary use, narrow-spectrum antibiotics use, and when to prescribe injection antibiotics. Furthermore, there are no measures to teach patients how to use antibiotics and manage symptoms of non-bacterial infections. Patient's attitude, education level and expectations play a key role in inappropriate antibiotic prescribing by physicians in outpatient settings. Patients who are misled by the efficacy of antibiotics were prescribed antibiotics more frequently than those who were not expecting them [27] . Patients need to be given more information concerning antibiotics use. Easy-to-understand health education materials can help empower patients and consequently change inappropriate antibiotic prescribing practices by physicians [27, 28] . Studies from Italy and the UK have shown that the Internet and social media can be an effective way for relevant government departments and medical institutions to disseminate the right principles of antibiotic use to patients [29, 30] .
Our study has several limitations. Firstly, the results of our study cannot be generalized to hospitals with fewer outpatient physicians and to hospitals outside of our study setting. Secondly, the whole analysis of this study was based on data keyed in by the primary physicians. While the antibiotic information is very accurate, that on disease classification might be less so. Accurate diagnosis is a prerequisite of appropriate selection of antibiotic. Data on appropriateness of antibiotic choice in this study must therefore be interpreted with caution. Thirdly, the time frame of the survey is limited, diseases and medications in different seasons will vary, which is not covered in this study.
Conclusion
Overuse of antibiotics for uncomplicated respiratory infections, use of cephalosporins, macrolides and injection antibiotics in primary care are the major problems of clinical practice in the study areas. 
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